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EDITORIAL. 


The Virginia Meeting.—The first meeting of the Society 
south of the Mason and Dixon Line will be held June 19-22, at 
the University of Virginia. As has been noted in the plans 
already announced in the BULLETIN, it is evident that this is 
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THE MONTHLY LETTER. 


going to be one of the most enjoyable meetings this Society 
has ever held. This meeting also marks another epoch in the 
history of the Society in that the papers will be limited; the 
reports of the committees will be extensive, and the discussion 
of the committee reports will form a large part of the meet- 
ing. This will give every member an opportunity to take part 
and contribute to the subject of engineering education. The 
reports of the committees will be based on the answers to the 
extensive questionnaires which have been sent out during the 
year and should prove profitable and enjoyable to everyone. 


THE MONTHLY LETTER. 


An effort is being made to have all of the reports of the 
committees ready for printing in the June BunuetiIn. So 
many members object to having their papers printed far in 
advance of the meetings, while admitting the desirability of 
having copies of the papers available as a basis for discussion, 


that the Publication Committee has adopted this plan as be- 
ing the best compromise possible. 

Some. changes in the constitution that have become desirable 
because of developments in the work of the Society have been 
made and approved by the Council, and will be printed in the 
June BuLLETIN as a prelude to their presentation to the Vir- 
ginia meeting for action. 

Comments both favorable and otherwise are being received 
on the change in the title of the BULLETIN as it appeared on 
the front cover of the April number. The former title, con- 
taining as it did ten words, was thought by a good many m*m- 
bers to be too bulky for convenient use. An effort has been 
made during the past year or two to emphasize the words 
‘‘Engineering Education”’ in all of the printed matter of the 
Society with the aim of ultimately changing the name of the 
BULLETIN to the shorter title. The ehange was made in the 
April number in order to provoke comment. The Committee ° 
would be glad to have your opinion. 
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NEW MEMBEBS. 


President Jacoby spent Monday, April 10, in Pittsburgh 
going over the work of the Society with the Secretary. 


COUNCIL ACTIONS. 


The Council of the Society has, by a letter ballot, elected 
twenty-six individual members. The names of these new 
members will be found below. 


NEW MEMBERS. 


Berry, H. C., Professor of Materials of Construction, University of 
Pennsylvania, Philadelphia, Pa. 

BrovuEN, J. M., Professor of Civil Engineering, University of South 
Dakota, Vermilion, S. D. 

Butter, G. M., Dean Colleges of Mines and Engineering, University of 
Arizona, Tucson, Ariz. 

Coss, COLLIER, Professor and Head of Dept. of Geology and Mineralogy, 
University of North Carolina, Chapel Hill, N. C. 

Davipson, M. W., Professor of Mechanical Engineering, University of 
South Dakota, Vermilion, S. D. 

Etuis, C. A., Professor of Structural Engineering, University of Llinois, 
Urbana, Ill. 

ForMaN, A. H., Assistant Professor of Experimental and Electrical Engi- 
neering, West Virginia University, Morgantown, W. Va. 

GouLp, F. A., Professor of Civil Engineering, James Millikin University, 
Decatur, Il. 

GRAHAM, P. H., Vanderbilt Fellow in Astronomy, University of Virginia, 
University, Va. 

GRUNDHOEFFER, E. F., Instructor in Mechanical Engineering, University 
of Colorado, Boulder, Colo. 

Hatz, R. S., Supt., Special Research Dept. Edison Illuminating Com- 
pany of Boston, Boston, Mass. 

Hammonp, H., P., Assistant Professor of Civil Engineering, Polytechnic 
Institute of Brooklyn, Brooklyn, N. Y. 

Lewis, F. J., Assistant Instructor in Civil Engineering, The Pennsyl- 
vania State College, State College, Pa. 

Mann, C. V., Instructor in Engineering Mathematics, University of 
Colorado, Boulder, Colo. 

Murrig, J. L., Supervisor, Cadet Engineer Corps, The New York Edison 
Co., New York, N. Y. 

McEacunon, K. B., Professor of Electrical Engineering, Ohio Northern 
University, Ada, O. 
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APPLICANTS FOR MEMBERSHIP. 


Parker, J. C., Professor of Electrical Engineering, University of Michi- 
gan, Ann Arbor, Mich. 

Ray, H. C., Professor of Ore Dressing and Associate Professor of Metal- 
lurgy, University of Pittsburgh, Pittsburgh, Pa. 

Rep, E. A., Instructor in Electrical Engineering, University of Minne- 
sota, Minneapolis, Minn. 

Suactz, W. C. H., Assistant Professor, University of Pennsylvania, 
Philadelphia, Pa. 

SNaveELY, T. R., Fellow of the Phelps-Stokes Foundation, University of 
Virginia, University, Va. 

SraP.es, E. I., Instructor in Electrical Engineering, University of North 
Carolina, Chapel Hill, N. C. 

Sr. JoHN, E. R., Designing Engineer, American Bridge Company, Pitts- 

burgh, Pa. 

THORNTON, W. M., Professor of Applied Mathematics and Dean of 
Dept. of Engineering, University of Virginia, University, Va. 

WarTerMaN, I. F., Instructor in Civil Engineering, John B. Stetson Uni- 
versity, DeLand, Fla. 

Wrieut, C. A., Associate Professor of Electrical Engineering, Iowa 
State College, Ames, Ia. 


APPLICANTS FOR MEMBERSHIP. 


CaRMICHAEL, F. L., Assistant Professor of Mathematics, University of 
Alabama, University, Ala. Gustav Wittig, G. J. Davis, Jr. 

FotweE.LL, A. P., Managing Editor, Municipal Journal, Montclair, N. J. 
F. L. Bishop, L. C. MeCandliss. 

LirtLE, G. T., Power Plant Operation, Stone & Webster Management 
Association, Pawtucket, R. I. W. H. Timbie, A. B. Newhall. 

Wotre, W. S., Instructor in Architectural Engineering, University of 
Illinois, Urbana, Ill. G. P. Boomsliter, M. L. Enger. 


BOOK REVIEWS. 


The Railroad Taper. By Lee Perrxiys, formerly Assistant 
Engineer, Southern Pacific Lines in Arizona and Mexico. 
John Wiley & Sons, Inc. 1915. 4 634, Leather. 365 
pages, 41 figures, 42 tables. $2.50 net. 

In this book complete instructions with examples and tables, 
are given for staking out a transition curve of rather un- 
usual form. Instead of using some form of parabola the 
author uses a compound transition curve made up of regi- 


626 
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ments of a circular are with 30 feet of chord lengths. The 

mathematics involved in the usual transition curve is very 

much simplified by the use of the circular ares and the author 
claims the curve is elastic enough to fit all conditions. 
L. C. M. 

Solid Geometry. 

Solid Geometry. By Wiu1aM Betz, Vice Principal and Head, 
Dept. of Mathematics, East High School, Rochester, N. Y., 
and H. E. Webb, Head, Dept. of Mathematics, Central Com- 
mercial and M. T. H. 8., Newark, N. J. Ginn & Co. 1916. 
74 X 5. xxii+ 177 pages. 

The arrangement of the material is such as to throw special 
emphasis upon the essentials of the subject and the treating 
together of such topics as prisms and cylinders and of pyra- 
mids and cones tends to reduce to a minimum the number of 
theorems necessary. The abundance of illustrations and sug- 
gestions of models to be constructed will greatly assist the 
student in his conception of the relative positions and propor- 
tions of the various solids studied. 

The collection of the theorems and facts of plane geometry 
in the first few pages of the book enables one to use it as a 
text without requiring the class to purchase the plane geom- 
etry also. The historical notes always appeal to me as de- 
cidedly worth while. 

The presentation throughout is clear, concise and straight- 
forward and it impresses me as a thoroughly teachable text. 

F. J. H. 


COLLEGE NOTES. 


Lafayette College.—Preparations for the inauguration of a 
codperative course in Mechanical Engineering at Lafayette 
College have been completed. Professor E. O. Fitch, Jr., of 
the Department of Mechanical Engineering has issued a 
special bulletin setting forth the scheme under which this 
course will be operated. The first actual work will be done 
in June when the members of the sophomore class will go into 
the shops of the industrial plants of the Lehigh Valley to work 
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during the summer. At the beginning of the college year 
next September, the students in the junior and senior classes 
who elect the codperative plan will be sent two weeks to some 
one of the codperating shops and then will take two weeks in the 
elassroom. This alternating scheme of practical and theo- 
retical work will last for three years and it will thus take a 
student five years to complete the codperative course. The 
plan throughout is essentially the same as that which has for 
a number of years been so successful at the University of Cin- 
cinnati. 

The success of a course of this sort rests very largely on the 
location of the institution offering the course. As a frontis- 
piece to Professor Fitch’s bulletin there is a map at the center 
of which is the city of Easton where Lafayette College is 
located. Within a radius of fifteen miles are some of the most 
important industries and railroads of the east such as the 
Ingersoll-Rand Co., the Bethlehem Steel Co,. the Taylor- 
Wharton Iron and Steel Co., the Warren Foundry Machine 
Co., the American Horseshoe Co., the Alpha Portland Cement 
Co., and five other important cement companies; the Penn- 
sylvania, Lehigh Valley, Jersey Central, D. L. & W., Lehigh 
& Hudson, Lehigh & New England railroads, a number of 
large silk mills and a heterogeneous group of important in- 
dustries. Practically all of these concerns will codperate with 
the college in the new course. 

An educational scheme of this sort cannot be properly gov- 
erned by purely educational men as are found in a college 
faculty. In order, therefore, to keep the government of the 
new course in line with business as well as educational ad- 
vance, an advisory board has been elected by the trustees of 
the College which is composed partly of business men and 
partly of college representatives. The personnel of this board 
is as follows: George R. Elder, Vice-President and General 
Manager Ingersoll-Rand Co., Chairman; Knox Taylor, Presi- 
dent Taylor-Wharton Iron and Steel Co.; Ralph H. Sweetser, 
President Thomas Iron Co. ; Israel P. Pardee, President Board 
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of Trustees, Lafayette College; James Gayley, Member Board 
of Trustees, Lafayette College; A. C. Overholt, Member Board 
of Trustees, Lafayette College; John H. MacCracken, Presi- 
dent Lafayette College; E. O. Fitch, Jr., Professor of Mechan- 
ical Engineering, Lafayette College, Secretary. 


Stevens Institute of Technology.—Stevens Institute of 
Technology recently bought a block of ground comprising 
about two acres, lying directly east of the main building. 
This purchase, together with the purchase of seven acres last 
fall from the private grounds of the Stevens estate, gives to 
the Institute all of the land north of Fifth Street to the Castle 
and permits of future building to the best advantage. It 
marks the consummation of plans laid down by President 
Alexander C. Humphreys some years ago for the acquisition 
of such available land in the immediate vicinity of the college 
as might be necessary for future development. The college 
now possesses a total of about twenty-three acres lying on 
rising ground in the city of Hoboken, N. J., with the Stevens 
Castle at the crest. It has a frontage of 1,600 feet on the bluff 
overlooking the Hudson River, New York City and the Nar- 
rows. Ample room is provided for future growth amid 
secluded surroundings famed in engineering annals as the 
scene of the developments of John, Robert L. and Edwin A. 
Stevens in steamboating, railroading and armorclad naval 
construction. 


REPORT ON CIVIL ENGINEERING. 


Editor’s Note-—The following report contains the tabulated 
results of the questionnaire sent out by the Committee on 
Improvement in Laboratory Practice (Civil Engineering, ap- 
pointed at the Princeton meeting). The data were secured in 
the winter and spring of 1915. The work of tabulation, etc., 
was done by Professors W. E. Mott and C. B. Stanton, of the 
Carnegie Institute of Technology. 

Later this committee was combined with others to form 
Committee No. 15, Civil Engineering, with the same chair- 
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REPORT ON CIVIL ENGINEERING. 


man but with additional members. This report, therefore, is 
the work of the old Committee on Improvement in Labora- 
tory Practice and will be discussed at the Virginia meeting. 


QUESTIONNAIRE, 
Required 
SHERI Sige catocccdcnnsee Catalogue No .......... Optional 
Taken by students in .............. Eng. course.......... semester of 
ere eee year. Given during college year or summer vacation? 


Number of credits given for completion of course ...........-+--+-+++ 
Total actual hours required for entire course. Recitation .......... eee 
Laboratory ........... , Drawing room .........-.. ree ee 
Text book used: (Please indicate under this heading what general topics 
are covered in the course and the approximate time apportioned to each, 
giving recitation, laboratory, drawing room and field work separately.) 
Do you consider that more, or less, time should be given to this course 
than indicated above ........ # Please give reasons. 


SuMMER SCHOOL. 
SURVEYING, GEODETIC AND RAILROAD FIELD Work. 


Where is this work carried on? 

Total actual hours required:— .............. Are these hours included 
under ‘‘ Field’’ on the opposite page? 

Are the students quartered in hotel? 

Does the college own a permanent camp site? ...........-...002-eeees 


Does the college operate the mess? ..............--.... If not, how are 
meals provided? 
Is a camp ‘‘store’’ maintained? .......... Is one desirable? .......... 


Are courses other than those indicated above given during Summer School? 
What total sum is charged each student for board per week? .......... 
What total sum is charged each student for lodging per week? ......... 
What total sum is charged each student for instruction per week?...... 
What is the transportation expense, per student, to and from the 
ONE oe Si. ch sans 

What other regular charges are made? .........-.. 2... cs eeeeeeeeeees 
What equipment must the student provide? 

What equipment does the college provide? 

Name of College answering 
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APTITUDE AS A BASIS FOR EDUCATION. 


BY SANFORD A. MOSS, 
Lynn, Mass. 


Is any useful purpose served by an attempt to gain pro- 
ficiency in a subject for which one has no aptitude? Is some- 
thing accomplished through the making'of the effort, the train- 
ing of the mind, and the actual results attained even though 
they be slight? A great deal of time is spent by high school 
and college instructors, by teachers of music and of art, with 
pupils who confessedly can never become experts. In an aver- 
age high-school or college course where marks are given, many 
pupils obtain 70 or less, out of a possible 100, which usually 
indicates that they have no natural aptitude for the subject, 
and can never become really proficient in it. If all pupils who 
obtain less than 70 in the first quarter of a year’s work in a 
given high school or college subject, were transferred to some 
other subject, a great change would be made in our present 
methods of instruction. The matter is, therefore, a very im- 
portant one, and is well worth careful analysis. 

A number of cases can be cited which demonstrate that a 
real problem is involved. As one example, take the two years’ 
study of a modern language which most of our colleges require 
either before or during the college course, for many of their 
degrees. Such two years’ study is supposed to give one an 
elementary speaking and reading knowledge. However, a cen- 
sus of any group of college graduates will show that a large 
majority are not able to make any actual use of their modern 
language. They can neither read, speak, or understand the 
language to the least extent in their post-college life. The 
writer has had close contact with about 100 new graduates 
from many of our leading technical colleges. All of these had 
two or more years’ instruction in French or German, or both. 
About five of these men could make an intelligent translation 
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of a simple technical article. The other 95 could do nothing, 
or next to nothing. All of these men had spent many hours 
in preparation of their German or French lessons with the 
expectation that they would gain some useful result. I quote 
from the announcement of studies of a leading university: 

**The object of this course is to give facility in translation, 
and especially to aid students in their later reading of techni- 
eal and scientific works.’’ 

Another very common example is the case of algebra. Al- 
most every person with a liberal or technical education has 
wrestled with this. He has studied division, multiplication, 
least common multiple, factoring, simple equations, and quad- 
ratic equations. Yet the average person cannot put down in 
algebraic form a statement of a comparatively simple problem. 
One often hears the remark: ‘‘I can solve that problem by 
arithmetic, but not by algebra.’’ 

Many graduates of high schools have had two or three years 
of Latin. This is supposed to assist them in the spelling of 
words of Latin origin, and to give them a clue to the meaning 
of words of Latin derivation. It is a matter of common noto- 
riety that in many cases no such result is obtained. 

All engineering graduates take courses in calculus. It is 
popularly supposed that an engineer makes daily use of this 
ealeulus instruction. This is far from being the actual case, 
however. Most engineering graduates are concerned with man- 
agement of shops, production of machines, design of machines 
according to well-known principles established by long experi- 
ence, manufacture of standard machines with minor changes 
to suit special purposes, operation of power plants, etc. A very 
small percentage have to deal with original engineering prob- 
lems. Of these, another small percentage have to devise new 
solutions for problems which require a working knowledge of 
calculus. The average engineering graduate would be wholly 
at a loss to make an actual solution of an engineering problem 
which involved an original application of calculus. This, how- 
ever, is not a disability for engineering work, since, the neces- 
sity for the application of calculus is as rare as stated. 
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It would be easy to add any additional number of examples 
to prove that a large percentage of those who pass in any high 
school or college course, have no real proficiency in the sub- 
ject afterward. It is well worth while to make a serious analy- 
sis of this matter. It will not do to dismiss the whole subject 
with the usual statement that the training of the mind, and of 
the will power is a sufficient recompense for the time spent in a 
given subject, even though actual proficiency is not obtained. 

First let us discuss the meaning of ‘‘natural ability,’’ ‘‘apti- 
tude,’’ or ‘‘gift.’’ Perhaps after all we can do no more than 
state that as a matter of common knowledge such a thing exists. 
In a class in high school or college, certain pupils do their work 
readily, and without any apparent effort. Others, in spite of 
hard work, get along indifferently. In any office, or shop, or 
other walk of life, similar situations are encountered. From a 
psychological point of view this matter is very interesting and 
puzzling. Possibly this aptitude belongs to our subconscious 
self, and it is our subconscious self that really has the proficiency. 
Modern philosophers seem to think that our subconscious selves 
instantly reach valid conclusions from a vast number of prem- 
ises stored from past experience. This is without any consci- 
ous reasoning process or putting together of various prem- 
ises in a laborious way and extracting the resulting con- 
clusion. <A proficient mathematician who sees a differential 
equation will instantly perceive a method of solution, without 
any effort at reasoning. One who has studied mathematics at 
length, but without a natural gift, if he has a good memory, 
will start to place the differential equation, to find out the class 
to which it belongs, and to note whether or not it is easy to 
separate the variables. After a tedious process of reasoning, 
each step of which must be gone through explicitly, he may 
finally arrive at the means of solution. 

A naturally gifted mechanical engineer will, without any 
thought whatever, assign a size to a given machine part which 
makes it ‘‘look right.’’ The actual computation of the size of 
such a part might require pages of computation. In fact, if it 
were not for such a gift, a designer would have to make com- 
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putations for every dimension of a machine, so that it might 
take several months to figure out all the sizes of a unit, even if 
a comparatively simple one. As it is, the designer computes a 
few of the principal dimensions, and makes the rest ‘‘look 
right.’’ If he is a proficient designer, computation will show 
that the sizes thus determined really are right. 

Similar examples could be given at any length from music, 
art, literature, or any of the fields of human endeavor. The 
philosophers say that our subconscious selves can only draw 
conclusions by making use of previous experience. That is to 
say, a person with a gift for mathematics must have instruction 
and experience in the various branches before he will be pro- 
ficient. Hence, aptitude seems to be ability of the subconscious 
mind to store up memories in a given direction, and to make 
use of such of these memories as are necessary in a given case, 
and to reach a valid conclusion from them without explicit 
reasoning. This definition then means, that an aptitude is the 
ability to reach a conclusion without conscious reasoning ; and 
lack of aptitude is the necessity for tediously going through 
each step in a chain of reasoning, and finally deducing the con- 
clusion explicitly. In other words, a person with an aptitude 
does not have to think. Whether or not this theory is correct, 
the fact remains that we all know what aptitude means. 

One may have aptitude in some directions, and wholly lack 
it in other directions. A high-school pupil who has an aptitude 
for algebra and trigonometry, may be very stupid in English 
and manual training. The commercial traveler who has the 
best sales record, may be very poor at computing the discounts 
and percentages of his price lists. The student of mechanical 
drawing, who can never produce a neatly inked and carefully 
arranged plate to the satisfaction of his teacher, may become 
a great designer of machinery, who employs many men like his 
former teacher to do the routine work of making drawings. A 
teacher often disposes of unproficient pupils with the statement 
that they have not the requisite mental power to understand a 
subject. This may be true to some extent. However, it seems 
highly probable that a large majority of people have profici- 


640 
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ency in some direction or another. A teacher of algebra will 
eall a boy lazy or stupid, who might be a vastly better brick 
layer than this teacher. It is notoriously true that many men 
who have secured low marks in theoretical courses in engineer- 
ing, have had excellent success as professional engineers, and 
have often outstripped their fellows who received good marks 
in caleulus. A dull pupil in chemistry may have great ability 
as a sculptor, and so on ad libitum. ; 

It is obvious that training and development of a natural 
aptitude is highly desirable. One can most readily make a liv- 
ing where there is aptitude. The more an aptitude is de- 
veloped, the greater the chance of general success. If a man 
has a general aptitude for engineering, and a special aptitude 
for mathematics, and if he develops himself along these lines, 
he can successfully be one of the comparatively few who need 
to do mathematical engineering. No time need, therefore, be 
spent on this side of the question. The other side of the ques- 
tion is the main object of our discussion. Should a mature 
mind make serious endeavor in a direction where there is no 
natural aptitude? This is the subject which we consider at 
length. 

In some elementary cases it is, of course, necessary that 
this be done. One must learn to write, even though he can 
never become a good penman. A peasant must learn to read, 
even though he can never become a really literary person. On 
the other hand, a high-school pupil who has difficulty with 
algebra need not of necessity study it. A well-bred girl, who 
obviously could only become a mediocre piano player, need 
not take piano lessons. A young man whose natural aptitude 
leads him to study medicine, need only take enough Latin to 
write his prescriptions, and need not know how to translate 
Cesar. We will not, therefore, take the time to make a fine- 
haired distinction between the cases where it is absolutely neces- 
sary to make endeavor in any direction where there is no 
aptitude, and where it is not. We will discuss only the case 
where an obviously inapt person studies a subject in which 
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proficiency is obviously not an absolute necessity, with the 
expectation of some other benefit. 

Our thesis, then, is as follows: Should time be spent in study 
of a subject for which there is no aptitude, and which can 
give no direct benefit, for the sake of the indirect benefit in 
the way of culture, mind and will training? For example, 
if there is no aptitude for mathematics and no possibility that 
they will ever be directly used, should one who desires a good 
education learn trigonometry or algebra? Should an engi- 
neering student be required to pass in German and French if 
he is inapt? Should one who does not expect to be an arche- 
ologist or adept in literature, study Latin or Greek, if there 
is no aptitude? 

Of course, there is a time-honored belief that all of these 
things should be done, or this article would need no writing. 

It is written in the effort to demonstrate that there is no 
reason whatever for doing these things, and that the time- 
honored belief has no real justification. 

The subject of ‘‘Valve Gears for Steam Machinery’’ is a 
very beautiful one to an enthusiast. The subject is rather 
complicated and requires much care and patience. Never- 
theless, to one with an aptitude in this direction, it is ex- 
ceedingly interesting. One without aptitude would be taught 
to do a great deal of thinking, would be taught concentration, 
and in fact would secure all of the advantages that are said 
to accrue from the study of Latin. Furthermore, the subject 
is much more important, and plays a much greater part in our 
modern civilization than does the subject of Latin. The valve 
gear is one of the principal parts of every locomotive, of every 
steamship, and of the engine of every factory which makes our 
clothes or food or electric light. Yet it is obviously absurd 
to put the question, ‘‘Should one who desires a good educa- 
tion study Valve Gears for Steam Machinery if he has no 
aptitude for it?’’ 

Time is often spent on a subject for which there is no apti- 
tude, with the expectation that aptitude can be obtained by 
labor. This is not true, however. 
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A person without aptitude can never make a real success 
of a subject no matter how long he may attempt to gain pro- 
ficiency. We are all familiar with ‘‘wooden’’ piano playing, 
due to long study without natural gift. What we are calling 
natural gift or aptitude, would possibly be called by a musi- 
cian ‘‘soul.’’ A true musician rightly has a horror of music 
without this ‘‘soul.’’ There can be just as much soul and 
artistic temperament in the driest kind of mathematics, or in 
the business of digging cellars. By sheer labor almost any- 
thing can be acquired, but there can never be true success 
without this elusive ‘‘soul.’’ A boy may be taught to sharpen 
a wood chisel and to hold it in the proper way in his hands, 
but he can never be a wood worker unless he originally pos- 
sesses aptitude. A master violinist may teach his pupil how 
to hold a bow in his hands, and how to hold his fingers in 
position for the various notes. The pupil may be able to do 
exactly as he should in all of these particulars, yet nothing 
is accomplished unless the pupil has the ‘‘divine fire.’’ 

Suppose one had a mixed class of babies and puppies, and 
set about teaching them to walk on two legs. He could teach 
them all something or other if he put enough time on it. Ex- 
actly the same situation exists in any of our classes in algebra 
for instance. There are some fitted to learn algebra just as 
well as a baby is fitted to walk on two legs. There are others 
fitted just as well as a puppy is fitted to walk on two legs. 
The thing can be accomplished with a given amount of labor, 
and by the time the puppy has become a dog, he can give a 
good demonstration. However, no really useful purpose re- 
sults from teaching him to walk. He may be a perfectly good 
dog, and may be able to run and hunt, and do all the other 
things which a dog should do, but he is just as much out of 
his sphere in walking on two legs as the baby is at catching 
a squirrel. 

So in our algebra class, after enough hard work, an inapt 
pupil may pass a final examination. If he cannot do it the 
first year he can repeat the course, and may pass in a second 
or third year, but he can never really use algebra. If he is 
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placed in some engiheering position where algebra is required 
for the solution of problems, he can make no headway what- 
ever as compared with his neighbor who is apt. If he remains 
in this position he will always be at a disadvantage and make 
no real success as contrasted with the other. 

Suppose two men start together in a course of salesman- 
ship, such as is provided by many of our large corporations for 
those who are to be sent out on the road as salesmen or drum- 
mers. They each learn equally well the various kinds of 
goods which they are to sell, and become thoroughly conver- 
sant with the good talking points of their own wares, and the 
demerits of the wares of their competitors. They learn their 
price-book by heart, and can recite any of the descriptions 
off-hand. They learn the psychology of selling, and all the 
other points which can be acquired. They start on the road 
and one soon begins to send in good orders, while the other 
makes no progress whatever. The writer has had personal ex- 
perience with a case where this occurred, when the better 
salesman really knew the least about the goods he was selling. 
The poorer man had studied much more, and really knew 
more about his wares; yet he lacked aptitude and could make 
no real success. 

A teacher often boasts that by his methods a pupil cannot 
fail to learn a subject. This means that he is patient and 
painstaking. He can drag his pupils along and make them 
learn a certain amount by heart, or in the same way that a 
dog learns to walk. As a net result, his pupils without apti- 
tude pass his final examination. But this is the entire net 
result. He cannot create aptitude, and his pupils can make 
no successful use of the branch on which he has made them 
spend so much time. According to our usual standard, a good 
teacher is one who can readily impart knowledge. This usu- 
ally means that he can present his subject in such a way that 
an inapt pupil can get something or other. His ability is a 
matter of little moment to the apt pupil however, who only 
requires that the teacher know his subject thoroughly. 

Algebra as it exists in many of our high schools and col- 
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leges is confessedly given as a cultural study, with no pre- 
tension that the pupils are to make use of it. In fact most 
of the teachers themselves have no knowledge whatever of 
how algebra is really used by scientists. A true enthusiast in 
algebra, who had a natural gift, and who was well acquainted 
with the methods of using algebra in scientific work, would 
probably make a very poor teacher for such classes and be 
unable to impart his knowledge. If, however, we would retain 
in the class only those who really showed an aptitude at 
algebra, then our enthusiast would be able to give real 
instruction. 

We must conclude, therefore, that aptitude is a real essen- 
tial for successful use of a subject, and that no actual use can 
be made of a subject by an inapt person who attempts to 
make laborious study take the place of aptitude. 

Another reason advanced for time spent on a study when 
there is no aptitude, is that the mind is trained. 

If there is no aptitude for the study in question, training 
of the mind will be of no advantage in this particular direc- 
tion. Obviously then, the object sought is training so that the 
mind can be better used in other directions in which there is 
aptitude. That is to say, a person apt at music and inapt at 
algebra, studies algebra in order that he may develop his mind 
so that he can study music to better advantage. Is not this 
absurd on its face? If there is aptitude in a given direction, 
why not train the mind to take advantage of this, by effort 
in the same direction? Concentration, memory, reasoning 
power, and all such general qualities can be developed in one 
way as well as in another. A good mathematician can have 
these qualities developed by study along mathematical lines, 
as well as by studying languages. 

On the other hand, it is questionable if training of the 
mind in a direction where there is no aptitude, is of any 
advantage whatever in a direction where aptitude exists. A 
non-mathematical chemist will receive no training in reason- 
ing out chemical formulas by an attempt to make him reason 
out problems in algebra. He will receive no training in 
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memorizing chemical formulas by an attempt to make him 
memorize dates in Greek history. He will obtain no experi- 
ence in concentration on chemical matters which really inter- 
est him, by attempt at concentration on mathematical matters 
which are repugnant to him. He can only be taught to memo- 
rize,, reason, and concentrate on chemistry, by memorizing, rea- 
soning, and concentrating on chemistry, and not by memoriz- 
ing, reasoning, and concentrating on algebra. 

There are plenty of directions in any subject for which there 
is aptitude, in which the necessary training can be given, 
without necessity for going to some other branch, where there 
is no aptitude. A prospective lawyer can find numerous 
allied branches more or less interesting to him for use in mind 
training, without necessity for use of mathematics or Latin. 
There is almost, if not quite always, some direction or other 
in which proficiency exists, and general training of the mind 
ean proceed in these directions. One can learn to think in a 
logical manner, and reason from cause to effect, by the con- 
erete examples in a study in which he is apt, at least as well 
as in a study in which he is not apt. A future philosopher can 
be taught to think while he is being given instruction in phi- 
losophy, just as well as if he were given instructions in mathe- 
matics. A future statesman can be taught to think by means 
of political economy and history, just as well as by means of 
chemistry and atoms and molecules. It must be kept in mind 
that we are discussing merely the question of reasoning, apart 
from instruction in any particular branch. Syllogisms exist 
in political economy, just as well as in chemistry. Cause fol- 
lows effect in music, just as it does in civil engineering. It is 
very doubtful if a non-mathematician makes any gain in 
elarity of thought by pursuing a mathematical subject in 
which he is more or less muddled all of the time. 

Another reason given for time spent on a subject for which 
there is no aptitude, is to give culture, or breadth of view. A 
broadminded person is one who knows something about a 
great many different things. A narrow-minded person is one 
whose knowledge lies entirely along a certain groove. From 
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this point of view, it is desirable that one know something or 
other about a subject for which he is inapt. If this is the 
purpose, however, no attempt need be made to give proficiency 
in use of the subject. One can learn about a thing without 
trying to learn how to do it. One can learn about the tools 
used by an expert, without learning how to use these tools. 
If this idea were carried out, a much needed reform would be 
made in many classes. The subjects usually taught in ele- 
mentary algebra are tools of the mathematician’s trade. If 
one is to be a mathematician, he must learn how to use these 
tools. If, however, one has no mathematical aptitude, but 
simply desires to include in his broad education, knowledge of 
what the mathematician does, he need not try at all to handle 
the mathematician’s tools. He can learn of the history of 
mathematies, than which no chapter in history is more inter- 
esting, or more important. The history of geometry; the story 
of Euclid (whose work has needed no essential change to this 
day) ; the beginnings of the Hindu and Egyptian geometers; 
the part that mathematics plays in the marvelous mechanical 
advances of today; and a host of similar items, will make good 
subject matter for pupils with non-mathematical minds. 
Study in these directions will do much more to give a broad 
view of mathematics than the memorizing of rules for multi- 
plying trinomials and clearing equations of brackets and the 
other routine matters which are usually selected to give cul- 
ture in a mathematical direction. Furthermore, study in such 
a direction will give much better mind training than the 
present methods. This situation is already recognized in 
many eases. In the case of music or art, no attempt is made 
to make a player out of a person who cannot carry a tune, or 
make an artist out of a person who cannot draw. One who 
can carry a tune, or who can draw is given instruction in all 
of the tools of the business. The others can be given consider- 
able non-technical instruction regarding the character of the 
technical processes used by those who have inherent ability. 
No time is wasted in teaching them how to hold a pencil or 
handle a bow. In the case of chemistry, physics, languages, 
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and most other subjects, the fundamental aptitude or inapti- 
tude is just as marked. Yet we throw all kinds of students 
together, and never seek to separate those who can actually 
use the tools of a subject, from those who cannot use them, but 
who can be given instruction in their general nature. 

From this point of view, many high school and college 
courses could be given in two entirely distinct types of classes. 
One type would be for those who are proficient in a subject, 
and would be designed to teach actual use of it. The students 
should actually be taught to handle all of the tools. The 
other type of classes would be simply for giving instruction 
to non-proficient persons ‘‘about’’ the subject. No attempt 
would be made to make them actually use the tools. They 
would be taught what the tools were and how adepts used 
them and what they accomplished, as well as the history of the 
subject and its influences on civilization, ete. 

The fact that there can be these two distinct objects in giv- 
ing instruction should be fully recognized. A high school or 
college with such two types of classes would never retain non- 
proficient pupils. If, after a few months in a given class, a 
pupil did not do well, he would be required to leave that class 
and take up something else instead. The list of prescribed 
courses which every pupil must take whether or not he is pro- 
ficient in all of them, would then be eliminated. Pupils would 
no longer take a given subject year after year in an effort to 
overcome it by sheer labor. If a student in mechanical engi- 
neering did not get on well in the class where use of calculus 
was taught, he would be excused from it, and allowed to take 
the other course where he would learn ‘‘about’’ calculus only. 
Of course, some equivalent must be required in each case 
where a pupil-is excused from a course in which he is not pro- 
ficient. There is great opportunity for such substitution. 
There are many things which a mechanical engineer can study 
to advantage if he is not proficient in calculus. There are 
many men well fitted to be mechanical engineers who are com- 
pelled to leave college because they are not proficient in calcu- 
lus. Many of these afterward take up mechanical engineering 
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without their college degree and make a success, to the ever- 
lasting shame of their former college professors. 

Many other similar examples can be given. For instance, 
one well-known technical college for many years had a course 
in Descriptive Geometry which was required of all engineering 
students, and which, due to the personality of the teacher in 
charge, was particularly strenuous. Many pupils had to take 
this course two, or even three times, before they finally passed. 
Many others left the college because they could not pass it. 
Other technical colleges not requiring nearly as much in De- 
seriptive Geometry graduated men who had just as good suc- 
cess in after life. 

Obviously then, nothing was gained by trying to make men 
who were proficient in other directions, take this particular 
course in which they were not apt. They could have gotten 
along just as well by being allowed to substitute some course 
for which they were adapted. 

In another case, a leading university required ten hours of 
mathematics for pupils pursuing a liberal education. These 
pupils were put in the same classes in algebra, trigonometry, 
and analytical geometry, with engineering students, many of 
whom had to use these subjeets for their life work. As a result 
many excellent scholars, teachers, and lawyers, who could not 
become proficient mathematicians, were barred from obtaining 
their degrees. 

One very important result of the recognition of this matter 
of aptitude by our institutions of learning would be assistance 
given to pupils in finding directions in which they have apti- 
tude. A beginning has been made in this direction by the so- 
called vocational schools, but the matter could go much further. 
Each course in high school or college could be arranged so that 
at a very early date, the apt and the inapt could be known 
and separated, and the proper arrangements made in each 
ease. A pupil could have an opportunity to go from one sub- 
ject to another until he had found something in which he could 
be really proficient. A requirement for graduation would then 
be a specified number of hours of study in any subjects in 
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which there was proficiency and which the pupil could actually 
make use of in later life. If desirable, another requirement 
could be a specified number of hours in any classes where in- 
struction was given ‘‘about’’ things, without the requirement 
of proficiency. 

There would then be two wholly distinct types of classes in 
subjects such as algebra, Latin, literature, chemistry, ete. 
These would presuppose respectively aptitude and inaptitude 
in use of the tools of the subject in performance of actual work. 
The classes for the apt would give instruction in the actual han- 
dling of the tools, and would require definite working out of 
problems, actual translations, actual analyses, or the like. The 
primary object would be to give the student facility in actual 
use of the subject matter. The classes for the inapt would 
treat the subjects merely as interesting branches of human 
knowledge and would show how the apt were using the tools. 
The primary object would be to give a general survey of the 
subject without attempt to give facility or proficiency*in its 
actual use. Whatever training is needed for the thinking or 
reasoning power, or for the memory, would be secured in the 
subjects in which the student is apt. A liberal or special edu- 
cation laid out on such a basis would produce better results in 
every way than the present system, which attempts to give pro- 
ficiency in a number of arbitrarily selected branches of know]l- 
edge regardless of the student’s ability to obtain such pro- 
ficiency. 
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OPPORTUNITIES FOR ENGINEERING EDUCA- 
TION IN THE SOUTHERN MOUNTAINS. 


BY H. R. PHALEN, 


Professor of Mathematics and Surveying, Berea College. 


It is indeed a happy coincidence that just as the engineer- 
ing and maufacturing South, after five decades of reconstruc- 
tion, has obtained its ‘‘second wind’’ that the society repre- 
sented by this publication should hold its annual session at 
the University of Virginia, and thereby augment the eco- 
nomic progress already under way. 

The success of such a meeting cannot be complete unless all 
the phases of the southern situation are considered. Conse- 
quently, as a worker in an institution quite non-scientific but 
which does, nevertheless, engage yearly in teaching approxi- 
mately eighteen hundred students the essentials of carpentry, 
masonry, forging, mechanical drawing and surveying, the 
author feels that simply by virtue of his connection with 
Berea he is able to illuminate from an unusual angle one pos- 
sible function of the next assembly. If thereby any shall visit 
Charlottesville with a clearer understanding of a unique 
people from an obscure section the effort will not have been 
in vain. 

The term ‘‘ Appalachia’’ has been most aptly used in speak- 
ing of that rough virgin portion of our country lying in the 
mountain countries of the states of Virginia, West Virginia, 
Kentucky, Tennessee, North Carolina, South Carolina, 
Georgia and Alabama. Here is an area equal to New England 
and New York whose rugged character may be judged by 
noting that although the Atlantic States north of the Potomac 
can boast of but twelve mountain peaks over five thousand 
feet high and but one, Mt. Washington, over six thousand, 
this section claims forty-one over six thousand feet and two 
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hundred and eighty-eight over five thousand, to say nothing 
of hundreds of miles of ridges higher than Monadnock. 

Hemmed in by such natural barriers is a people whose 
every-day life and social condition are silent but all-powerful 
invitations to every kind of education ‘‘to come over into 
Macedonia.’’ A study of the thirty-five mountain counties of 
eastern Kentucky, which are typical of the whole region, will 
prove a revelation to those ignorant of the situation. Here, in 
a territory twice as large as Massachusetts, are five hundred 
and sixty-one thousand eight hundred souls among whom are 
but two thousand foreigners and thirteen thousand blacks. 
In only six counties do the blacks exceed one thousand and in 
twelve they are less than one hundred. Illiteracy varies from 
thirteen per cent. to thirty; none of the mountain schools have 
a term exceeding one hundred and fifty days and no child 
attends over seventy-five days (in this respect Kentucky is by 
no means the worst offender) ; no teacher gets more than $380 
and no school building is valued at more than $900. 

These figures may be readily verified by consulting the 
government bulletins or the records of this institution. In 
drawing conclusions, however, it must be borne in mind that 
there are many cultured, rich and educated people in the 
mountains. These have come in either through the agency of 
the lumber or mining industries or as social workers. It is 
sufficient to say that here and there will be found little ham- 
lets where the leaven of social uplift is at work and the cause 
of humanity is advancing. One county in western Virginia 
possesses four elegant county high schools and has in addition 
bonded itself for $1,000,000 for macadam pikes. 

What then is the field of engineering education in such a 
region? The discussion appears to fall into two parts; namely, 
the strictly engineering field and the educational and social 
horizon. The latter will be treated first. 

No one notices with more gratification than the technical 
school graduate himself the fact that the old time conception 
of the engineer is passing and that whereas he was formerly 
supposed to be but a heartless automaton whose vocabulary 
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consisted largely of cuss words and formulae, he is now ex- 
pected to conduct himself as a refined, scientifically trained 
gentleman—none the less an engineer but in addition a social 
or community physician, who seeks to obtain civic improve- 
ment in all directions by the judicious performance of his 
specialty and the tactful utilization of his leisure. 

This is a new function of the engineer, but one which may 
expand to its maximum usefulness in Appalachia. The land 
and the people ery out for aid—for leadership—for advice. 
Such can only be given by him whose heart is big and who has 
sufficient culture to see many things outside his narrow sphere 
and possesses in addition the ability to remedy conditions with 
tact and foresight when such will produce better results than 
the application of the invariable laws of his profession. Upon 
entering some localities the technical graduate will find him- 
self the only being in a village of several hundred souls who 
has attended school more than a year. Under such circum- 
stances he will do one of two things depending upon his under- 
graduate mode of life. Either he will be a recluse with the 
exception of a few saloon brawls for excitement or he will be 
a factor for higher civic and educational ideals. The moun- 
tain people are not readers and they do not know how to play. 
Instead they rehearse in the store, the barroom, even at the 
fireside in the presence of the toddling children the shooting 
escapades of the feud and the still. Concerted community 
action for local improvement is unknown, the only incentive 
to social intercourse is the intolerant sectarian church, the rank 
partisan political rally or the inane party where until re- 
cently kissing games are the fashion for all ages. The new 
and welcome type of engineer may here function, not neces- 
sarily as a missionary but at least as a Christian gentleman. 

‘‘But what specific things are there in this section,’’ the 
reader reflects, ‘‘to even call the engineer, much less to estab- 
lish a technical school?’’ A glance at present conditions 
reveals not only the future possibilities of this great field but 
gives crying evidence also of the entire absence of scientific 
practice in the past. What would the sanitary engineer say 
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concerning a rural hotel which is so built that the toilets (in 
reality the old-fashioned privy) are directly over a slow mov- 
ing and shallow creek which is forded in two places by main 
streets of the village. At this stream the pigs, sheep, horses 
and in fact all live stock drink freely and later in the autumn 
butchering season become staple articles of food. Bridges are 
few and no one cares for the condition of the highway. Many 
country roads follow the bed of a stream for miles over the 
slate layers that rise and fall in step formation frequently as 
much as fifteen inches at a time. Obviously such a road is 
useless during the rainy season. In many sections no attempt 
is made to maintain other than a path for saddle horses. 
Along with the growth of mining and lumbering there has 
come an increased demand for reasonable hauling cost, a thing 
which will soon call forth better roads and will elicit the aid 
of the highway engineer. The great Dixie Highway now 
under construction from Chicago and Indianapolis to Atlanta 
is one other indication of the trend of affairs. 

Another source of constant difficulty is the possession and 
transaction of real property. Some of the mountain regions 
and eastern Kentucky in particular never were surveyed by 
the government. Kentucky was a county of Old Virginia 
and was doled out piecemeal under the iniquitous land grant 
system to the perpetual annoyance of all concerned ‘‘even 
unto this day.’ The writer has it upon first hand authority 
that a certain real estate company purchased a large tract of 
land in a particular county. The deeds were verified by the 
county surveyor, but notwithstanding, it was found upon 
legal examination that these titles covered not only fifty-thou- 
sand acres more than the total area of the county but in addi- 
tion included the whole township in which the county surveyor 
lived and had his home. Surely the clearing up of such con- 
ditions is the work of a man of good judgment and precise 
training. Large interests are continually soliciting the aid of 
well-trained surveyors to adjust similar disputes. 

The mining and agricultural situations are also nuts that 
demand technical cracking. The mineral deposits are numer- 
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ous and in most cases workable but are largely unknown. 
Gold, silver, iron, petroleum, fluospar and copper have been 
found in paying quantities while lead, zinc, barytes, gypsum 
and even diamonds have been discovered but not exploited. 

The agricultural conditions are daily becoming worse and 
will soon be beyond the aid of even the experienced forester. 
The greedy lumberman and the destitute mountaineer have 
met with disastrous results. 

Coal and its byproducts immediately attract the chemieal 
engineer while all these activities together with a vast amount 
of quarrying look to the electro-mechanical engineer for a 
solution of innumerable difficulties. 

The whole situation is summed up in a word. Here is a 
rich section which is being exploited by the corporation devil- 
fish on one hand and by mediocre people with antiquated 
means on the other. The former doesn’t care and the latter 
doesn’t know about conservation. 

Under such conditions isn’t it possible that Appalachia 
would support a technical school and isn’t it possible that such 
an institution if properly operated would serve the double 
purpose of extending scientific education and of saving the 
mountaineer from himself? 

The success of the venture would depend very largely upon 
two things, the first of which would be an absolute recognition 
of the fact that it is only the mountain boys themselves who, 
on account of their love for home, can return and benefit the 
native community. The ‘‘hill Billy’’ is a great family man 
who regards all strangers as foreigners and trusts and loves 
only his kinfolks. Consequently the school which persists in 
sending city engineers into the hills can never hope to enjoy 
more than partial success, and that such as it may be, will he 
solely technical and accomplished against perpetual opposi- 
tion. The mountaineer doesn’t want the railroad—he sus- 
pects the khaki-clad ‘‘city feller’’ but if Jim Wilson’s boy 
Hank or Long Jake’s Bart comes home with an education and 
makes things happen that never happened before the whole vil- 
lage is interested. The first hypothesis then is that any oper- 
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ations along technical lines in this section must be made by and 
not on the natives. 

The second point is the realization that success depends upon 
adaptability. Many educators are such sincere worshipers 
at the shrine of the god of ‘‘Things as They Think They Ought 
to Be’’ that they totally forget the little fetish of ‘‘Things 
as They are.’’ The analogy will be clear when the reader is 
reminded that the mountain problem cannot be hung on a 
classified peg with other types of educational endeavor. Stereo- 
typed methods of teaching fail utterly because they have been 
devised for and practised upon generations of college students 
who never have thought for themselves. They don’t go—they 
are sent. The mountain student, however, comes with the will 
to learn and the bodily vigor to work hard. Naturally the 
situation is quite different from the common experience of 
professors and it no doubt would please some of them to feel 
that their customary application of the educational pulmotor 
was unnecessary. 

Moreover the Appalachia educator must hold before him 
continually the idea that a technical school in this region is for 
the benefit of the mountain people and not a means of produc- 
ing more sweat shop material for the exploitation of the big 
corporations. This is a radical departure from the commonly 
accepted function of an engineering school but the testimony 
of hundreds of technical graduates who are five and even ten 
years out of college and still are ‘‘broke’’ would seem to indi- 
cate some weakness in the present system. The success of the 
enterprise now under consideration depends upon the constant 
instilling of the desire to return to the mountains and there 
work out the great multiplicity of local problems. Such a 
propaganda is possible of operation because Berea now returns 
85 per cent. of her students to the hills and that represents 
very nearly 100 per cent. of the mountain enrollment. 

In conclusion let it be impressed upon the lowland metro- 
politan educator that the immediate need of Appalachia is not 
a grand influx of expert engineers whose sole interest is their 
profession. A few, a very few, may be required but the great 
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present necessity is a technical school which shall infuse into 
mountain community life the red corpuscles of economic, social 
and civic improvement by making of itself a source from 
whence shall come year after year a stream of technically 
trained native sons. Such need not be experts. It would be 
advisable to have the first few college generations possess 
rather a practical than a theoretical knowledge. The leaven 
must be set by those who have not been educated to the point 
where the personal touch with the home folks has been lost. 
In a word then, the highland educator must commit himself 
to the proposition that those institutions which so desire may 
vie with each other in producing inventors and task masters 
for frenzied industry, but his work shall be the redemption of 
a land which can only be saved by its own people. The time 
is ripe and the call great for him who has the vision of such a 
master stroke of conservation and progress. 
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AN EXPERIMENT IN THE EVALUATION OF A 
DEFINITE INTEGRAL BY DIFFERENT 
METHODS. 


BY LEONARD M. PASSANO. 


Two of his colleagues submitted to the writer the integral 
which will appear in the following discussion as an example 
of the kind of integral occurring in their engineering practice. 
They asked whether the integral could be more quickly evalu- 
ated by actual integration or by some method of approxima- 
tion, suggesting for the latter the construction of the graph of 
the integrand and estimation of the area under the curve. As 
a teacher of mathematics the writer could give but one answer : 
the greater efficacy of actual integration. Having made this 
reply he proceeded to investigate by experiment upon himself 
and upon two sections, or classes, of students of the Massa- 
chusetts Institute of Technology. 

These students were a heterogeneous group from various 
courses: Architecture, civil engineering, mechanical engineer- 
ing, electrical engineering, business administration. They 
composed two sections, of average ability and industry, in the 
sophomore class, and had nearly completed a half-year course 
in integral caleulus. The problem under discussion was as- 
signed to them as voluntary work for the Christmas vacation. 
No regular work was assigned for the holiday, and the men 
were told that those who solved the special problem might omit 
a certain set of problems which were a part of their assigned 
home work. It was explained to the men that the integral in 
question occurred in engineering practice and that the results 
of the investigation might prove of interest and value in their 
professional work. It was hoped that interest in their work as 
well as intellectual curiosity would induce the students to make 
a serious effort. 

The following cyclostyled sheet was given to each man. 
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THE PROBLEM. 





Evaluate 
500,000 
t=}. {000 — 7omn tt 
1°. By integrating. 
2°. By computing 
44 ~=—- 500,000 
1,000 — 7om22 44 


at intervals AH =}. 
3°. By drawing the graph of 
We 500,000 
¥ = 1,000 — 70H*? 
and estimating the area bounded by the curve from 





H=2toH=4. 
Result to four figures. 
Wanted : 


Time required for 1°, 2° and 3° separately. 
May use text-book, log tables and slide-rule. 


The men were told that they might consult their text-book 
in determining what method of integration to use, but that only 
time actually employed in the integration was to be counted in 
the experiment. They were reminded that any logarithms oc- 
curring would be Naperian logs, and that any angles must be 
in circular measure. No other instructions or information 
were given except, of course, that each man must do the work 
alone. No hint was given as to the value of the integral. 

In the meantime the writer solved the problem in the three 
ways required, working diligently but without haste. The re- 
sults of his work are shown in Table I. 




















TABLE I. 
Method. 
I. Il. | Iil. 
ERDAS OPS B | 1,681 1,640 | 1,623 
«ORR EA Ry pene | 6 «| 32 | 60 
Ratios of times.................. e4 e-4 1.9 





* Times throughout are in minutes. 
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The number of students to whom the problem was given was 
39; the number from whom returns were received was 24, or 
62 per cent. The writer believes that the difficulty of the inte- 
gration rather than lack of interest deterred many of those who 
made no returns, although intellectual interest which will not 
surmount difficulties is of very small value. Table II gives the 
results of the students’ work. 


Ratios of Times. 
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_Totealno.......| 6 | 23 | 19 ; Average | 5.4 


* Bracketed times mean no result obtained. 
+ Student C handed in work without times and without results. 


oe 


Tables I and II show, as might have been predicted, that the 
second method (approximate summation) has a decided ad- 
vantage over the other two as to the rapidity with which results 
may be obtained. It may be noted that the range of deviation 
from the average relative time is 
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AI —14 to +146, AIlI —0.97 to +2.1 


The writer will venture to call his own results, given in Table 
I, the standard. Thus, standard I is 1,631, and so on. The 
average of these standards is 1,630.* Table III shows the ac- 
euracy of the results obtained by the students as compared with 
the standard. 

TaBLe ITI. 

Result correct to within 1 per cent. of average, 1,630; 7. e., be- 
tween 1,614 and 1,646. 


II Tit 
Number obtaining 4 


Result correct to within 1 per cent. of separate standards. 


I (1615-1647) II .(1624-1656) III (1607-1639) 
Number obtaining ....2 2 3 
Result correct to within 2 per cent. The numbers are the 
same for both the average and separate standards. 
II peas 
Number obtaining 2 8 


Five men solved the problem by all three methods. Table 
IV shows the accuracy of their work. 


TABLE IV. 
are Error from Seamage Standard. 











Itt. 





+1.5 , | —0.1 
+1.5 ; } 0 

—0.1 | —3.1 
—-7.9 
—5.0 


—4.2 
+0.1 — 6.2 








™ | - ap 


~ Pables Wl and IV would 2 seem to indicate that method IT is is 
inferior to I and III in point of accuracy. That this con- 
*It may be noted that the result obtained, using the graphical 


method, by the writer’s colleagues was 1622, ‘‘the fourth figure being 
doubtful. ’’ 
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elusion is false the writer believes is shown by the following 
considerations. If in making the summation the inferior series 
is used (omitting the highest term) the result is 1,512. If the 
superior series is used the result is 1,768. The mean of these 
two is 1,640. Many of the students, using only one series, ob- 
tained exactly, or very nearly, 1,512. Only two men used 
both series. The students had had some slight practice in 
such summations, approximating closer by using smaller inter- 
vals, and had almost invariably worked with the lower series, 
although the method of the mean had been mentioned. It may 
be presumed that a student who calculated the lower series cor- 
rectly would also have obtained the superior result and the 
mean correctly, with additional time. Now it took the writer 
26 minutes to compute the inferior value; six minutes addi- 
tional to compute the superior value and the mean; an in- 
crease of 23 per cent. If we increase the method II times by 
23 per cent., for all men except those who used both series, we 
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*C, D, Q and T omitted. 
662 





EVALUATION OF A DEFINITE INTEGRAL. 


shall have a more just basis of comparison for the three 
methods. This is done in Table V. 

The advantage in time lies still with method II, while the 
advantage in accuracy is markedly in favor of this method. 
This is shown in Table VI, which gives percentage accuracy. 


TABLE VI. 


Method. 
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Thus the figure 1 means an error of not more than > per 
cent. of the standard; 2 means an error greater than one per 
cent. and not greater than two, ete. Table VII gives the per- 
centage of men obtaining the result to within one per cent., 
ete., and table VIII the average time of these men. Table IX 
gives the same data grouping the men in only two groups. 

The evidence seems to the writer conclusive that method II, 
approximate summation, is the best. That method shows the 
greatest percentage of men with small error and with a mod- 
erate time. However, method III, the graphical method, 
shows a marked advantage in time though the percentage of 
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TaBLE VII. 
simone of Men Obtaining Result. 
Method. | 0% t01%. | 1% t02%. | 2% 05%. | 10% and Over. 
ne. Aeent ea etNg 33Cté«id 50 | 17 0 
Bah bot estes wisi a. 70 | 13 | 4 13 
RRS et 26 26 32 








* Percentage, that is, not of the total number of men, but of the 
number making returns by the method in question. 


TaBLeE VIII. 
— Time for Results. 








Method. 0% to 1%. 























3 1% to 2%. 2% to 5% | 10% and Over 
EAT ina fda eae 225 | 124 120t 
UST Sage 59 ra 29 37t 24 
NS We? Ge: B __ 64 64 39 
+ One man 
TABLE IX 
Per Cent. Obtaining. j _ Average Time. 
Method. ake es —— - 
2% or Better. Over 2%. 2% or Better. Over 2%. 
Be iii tekanpelervenve i 83 | 17 165 120 
NR Se ph i Ree 83 17 56 | 28 
Til. 42. 58 Te. he ee. 





small-error men is low. One man only, X of table VI, obtained 
a more accurate result by the first method than by the second. 

The writer does not, in any sense, wish to be understood as 
advocating the exclusive or predominant teaching of methods 
of approximate summation to classes in mathematics. Inte- 
gration is too important, both in itself and in its applications, 
to be in any way neglected or subordinated to other methods, 
however useful the latter may be in engineering practice. But 
since integration is summation, and since it is of the utmost 
importance that the student should thoroughly grasp that fact, 
it would seem that time spent in approximate summations 
might serve the double purpose of emphasizing the meaning 
of integration and of supplying a useful method for engineer- 
ing practice. 
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A PROPOSED NEW ELECTRICAL ENGINEERING 
TEXT-BOOK SERIES. 


BY J. C. CLARK, 
Assistant Professor of Electrical Engineering, Stanford University. 


In recent years electrical engineering instructors in all quar- 
ters of the country have manifested a high degree of dissatis- 
faction with the available electrical engineering text-books. 
Many instructors have found it advisable to try a different 
book each year. Some, especially among the older men in the 
profession, have apparently abandoned all hope of discovering 
the suitable book and are resorting to the use of various substi- 
tutes for it. Occasionally we find an electrical handbook in 
use as a text. Sometimes there is used asystem of references to 
literature by the aid of which students are expected to fill in 
the details of a structure supplied by the lecturer. Rather 
frequently, we find the use of a more or less complete syllabus 
prepared by the instructor to accompany his lectures. One 
witnessing this general situation quite naturally asks: ‘‘Can 
it really be true that the available text-books fail so signally 
in meeting the needs of modern electrical engineering instruc- 
tion? If it be true, how can it be explained in view of the 
fact that, almost without exception these texts are the prod- 
uct of men actively engaged in the teaching profession ?’’ 

So many interesting books designed to serve as elementary 
texts in electrical engineering have appeared within the past 
few months that it might now seem to be a finicky instructor 
indeed who would still find difficulty in selecting from the 
published array of text-books at least one or two books very 
well adapted to the needs of his students. However, judg- 
ing from the difficulty which electrical instructors have ex- 
perienced in the past to find texts suitable for their classes, 
and also from the fact that the new books appear to possess 
very few, if any, marked points of difference from most of 
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their forerunners, the writer entertains very little hope that 
the situation will be appreciably better in the near future. 
Accordingly, in the belief that discussion of the matter of 
suitable electrical engineering .texts will be beneficial, he 
ventures to outline in this paper what appear to him to be 
desirable characteristics in a proposed new text-book series 
for use in the ordinary four-year course in electrical engi- 
neering. 

It will first be assumed that the more technical electrical 
courses to be given by the electrical faculty are confined 
entirely to the study of the fundamental principles of the 
electric and magnetic circuits as exemplified in the apparatus 
of heavy electrical engineering.* There can be little doubt 
of the wisdom of confining instruction to fundamentals in 
the ordinary course and with ordinary students. The leaders 
in’ industrial life have differed much on minor details of 
educational policy, but their discussions of engineering edu- 
eation uniformly insist upon the discarding of ‘‘informa- 
tional’’ courses and upon thorough training of students in 
the fundamentals. Moreover, from studies of the occupa- 
tions of electrical engineering alumni of several representa- 
tive institutions, it would seem wise to avoid any specializa- 
tion within the ordinary course. Electrical engineering is 
an exceedingly diversified subject; and, with the rapid ex- 
tension of electrical methods in the industrial world, it seems 
entirely safe to predict that all engineering is before long to 
become electrical engineering. We cannot possibly hope to 
provide efficient courses to train men in the details of a hun- 
dred special applications of electricity in engineering, and 
yet we know that they will go into hundreds of different 

* The term ‘‘heavy electrical engineering’’ is here used to designate 
a somewhat different class of apparatus from that included by Hobart 
in his book ‘‘ Heavy Electrical Engineering.’’ For the purposes of this 
paper, ‘‘heavy electrical engineering apparatus’’ is taken to include all 
dynamo-electri« machinery; all transformers or converters; and the 
electrical features of transmission or distribution systems, and of ap- 
paratus for storage, switching, controlling, and regulating. 
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callings. Then why not design our courses and our text- 
books with these facts in mind? 

The writer believes that there is need, in a properly con- 
ducted electrical engineering course, for a text-book series of 
a rather new type. It will be assumed that the series consists 
of two books (although it might prove desirable, as a matter 
of expediency, to further subdivide each book into parts). 
These two books will be designated hereinafter as Book I and 
Book II. In what follows, certain highly desirable charac- 
teristics for either book to possess are first specified, then 
follow further detailed specifications for each book. 


GENERAL SPECIFICATIONS FOR EITHER Book. 


1. It shall bear a title truly indicative of the nature and 
scope of the book. 

2. It shall be wsable as a text-book. To this end, it shall 
be written by a man of much teaching experience, and the 
contents shall have demonstrated their worth by previous 
successful service in the class-room of the author. 

3. It shall contain enough carefully designed problems 
inserted after each article so that there will be no need for a 
separate ‘‘problem book.’’ 

4. It shall be capable of service as a laboratory guide; 2. e., 
it shall be of service to the student in planning his own ex- 
perimental work for the purpose of checking theory. 

5. It shall be written in such a spirit as to stimulate the 
student to further reading and study of the details of the 
subject. 

FurTHER SPECIFICATIONS FOR Book I. 


1. This book shall constitute a genuine introduction to the 
subject of electrical engineering; 1. e., electricity in engineer- 
ing. From this viewpoint, it shall contain a variety of topics 
calculated to develop true perspective in the mind of the 
student as to the place of electricity in modern industrial life. 
There shall be given a very exhaustive outline of the field of 
electrical engineering. In this outline the emphasis shall be 
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placed on the present and the probable future, rather than on 
the historical development of electrical engineering. As one 
suggested means of accomplishing this result, curves may be 
presented and discussed showing the rate of change in recent 
years of such items as the following in a number of the in- 
dustries largely employing electrical methods: capital invest- 
ment, gross earnings, net earnings, total number of employees, 
number of engineers employed, amount expended per annum 
in scientific research and new design. 

2. It shall develop the broader physical principles em- 
ployed in a wide variety of electrical apparatus,—not con- 
fining the treatment to the apparatus of heavy electrical engi- 
neering, but giving due importance to the applications of 
electricity in lighting, heating, chemistry, intelligence trans- 
mission, ete. 


FurtHerR SPECIFICATIONS FoR Book II. 


1. This book shall give the student a very thoroughgoing 
analytical treatment of the electric and magnetic circuits. 


This treatment shall be mathematical, employing calculus 
freely when desirable to do so, but it must relate the mathe- 
matics at all points clearly and intimately with the physics 
of the subject. It shall continually illustrate the working 
out in the apparatus of heavy electrical engineering of the 
principles governing the actions and interactions of the elec- 
tric and magnetic circuits. 

2. By means of rather exhaustive and very carefully 
selected references to the literature, this book shall point the 
way by which the student may acquire a more detailed know]l- 
edge of the subject, in so far as such knowledge can be ob- 
tained from the literature. Such references shall be placed 
as footnotes to the text at points where the need for them 
arises—they are not to be ranged in formidable lists at the 
ends of the chapters. 

The subject of ‘‘Commutation”’ is here discussed briefly in 
order to illustrate in a general way the scope of the treatment 
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to be desired within each book of such a detail topic from 
heavy electrical engineering. 

Book I should describe clearly the function of a commuta- 
tor. It should indicate the reasons for the difficulties en- 
countered in commutation, hence it should be accompanied 
by an elementary discussion of the phenomena of self-induc- 
tance, armature reaction, and methods of compensating for 
armature reaction. It should not only give a clear drawing 
of a common type of commutator, but it should also empha- 
size the fact that a commutator may take a very wide variety 
of proportions in machines designed to meet various demands 
of practice. After having mastered the treatment of commu- 
tation in Book I, the student should be able to operate com- 
mutating machinery with confidence in his ability to remedy 
the commoner kinds of troubles with commutation by the 
intelligent application of his knowledge of the fundamentals 
of the subject. 

Book II should assume, obviously, that the student is ready, 
by virtue of the preparation afforded by Book I, to under- 
take a careful analytical study of commutation based on a 
thorough knowledge of the fundamental physical factors in- 
volved in the process. There should be no place in a book of 
this type for empirical or semi-empirical ‘‘criteria of com- 
mutation,’’ but there should be a simple application of the 
principles of the electric and magnetic circuits. The limits 
in various directions of our knowledge of the process should 
be clearly indicated, and at these points suggestions should 
be made as to lines of research designed to provide the infor- 
mation necessary to remove such limits. 

In the writer’s opinion the use of Book I could profitably 
be continued throughout the later years of the student’s col- 
lege course for the purpose of maintaining in his mind the 
perspective established in the earlier more intensive use of 
this book. Such use should require a very small amount of 
time, but the best results could only be secured by entrusting 
the conduct of the class to a man of wide experience in engi- 
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neering and teaching. Without doubt the study of Book II 
should continue throughout the junior and senior years. 
The writer does not claim much novelty for each of the 
books herein advocated. Most progressive teachers know of 
available books which will almost, if not quite, meet the speci- 
fications for Books I and II. Yet these books are not widely 
used. It would seem probable, therefore, that many instruc- 
tors will deride the idea that two such simple books will best 
answer the needs of modern instruction in electrical engineer- 
ing. This will but illustrate the greatest weakness of our 
engineering courses. We are so anxious to build the highly 
elaborated superstructure that we are not patient enough to 
build well the foundation—yet the time suffices only to build 
the foundation. The writer does not belittle the value of 
specialization to those who are really fitted to undertake it, 
but what can possibly justify specialized courses for the 
undergraduate? Nor does the writer presume that he has 
completely solved the problem of a proper text-book series. 
He will, however, feel amply justified in presenting his views 
if they but lead to a more thorough discussion of the problem. 


























FIELD WORK IN HIGHER EDUCATION. 


BY PROFESSOR F. B. ROBINSON, 
The College of the City of New York. 


Fifty years ago, the laboratory method was finding a place 
in college departments of natural science. To-day no one 
doubts the necessity of laboratory practice in chemistry, 
physics, all the branches of natural history and even psychol- 
ogy. The educational doctrine that we learn by doing has 
become generally accepted and experts have been busy per- 
fecting laboratory exercises which will organize, in most con- 
venient and trustworthy form, the things a student should do 
to make most rapid progress in certain fields of learning. 

Just now there is a widespread agitation for the extension 
of the limits of the laboratory and the application of its 
methods to sociology as well as to the exact sciences and their 
allied practical branches. ‘‘Why not make organized society 
our laboratory!’’ says the professor of sociology. ‘‘See be- 
fore us a fully working governmental machinery in the near-by 
city,’’ says the professor of politics, ‘‘let us make it our labo- 
ratory.’’ High schools, colleges and university schools are 
sending their students out into the busy world to observe, 
participate and learn by doing under competent direction. 
The medical school has, for years, had its post-graduate con- 
nection with the hospital which provides field work for the 
young interne; normal schools require their students to get 
experience as pupil teachers; codperative courses in engineer- 
ing (with part time in college and part time in real, commer- 
cial work) have been developed, and now departments of 
economies, sociology and government are devising ways of 
giving their students practical instruction through field work 
in official bureaus, social settlements and city departments. 

To study just how far it is desirable to extend teaching by 
field practice, the Association of Urban Universities has ap- 
pointed a committee of nine prominent educators. This com- 
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mittee will make an extensive investigation and report on the 
value of field work; the wisdom of recognizing it with college 
eredit, the methods of conducting it: the selection of students, 
organization of their work, correlation with formalized in- 
struction, and the branches in which it may be used with ad- 
vantage. 

Some educational authorities who favor laboratory instruc- 
tion within college walls do not consider it wise to devote part 
of a student’s time to outside field work. They hold that the 
innovation is not a mere extension of the laboratory principle, 
but an entirely new principle. The advocates of field work 
are divided on the question of what constitutes field work, 
some holding that the field work of others is merely inspection 
and observation, not true work at all. No considerable group 
has agreed upon a standard definition or scale of credits 
toward graduation. The committee on field work will take 
up all these matters and render as complete a report as present 
practice and available information will make possible. The 
chairman of the committee is President Parke R. Kolbe of the 
Municipal University of Akron. The other members are: 
President Foster of Reed College, Dean Hatton of Western 
Reserve, President Dabney of the University of Cincinnati, 
President Godfrey of Drexel Institute, Dean Caldwell of the 
University of Chicago, Dean Lord of Boston University, Pro- 
fessor Dealey of Brown University and Professor Parsons of 
Syracuse. Members of this committee will welcome reports 
and other information from persons and institutions interested 
in the general problem of field work. 


POSITION WANTED. 


No. 930. Civil Engineer, university graduate, desires position as pro- 
fessor, associate professor or assistant professor of civil, highway, 
municipal, hydraulic or sanitary engineering or engineering mechanics. 
Nine years’ teaching experience: surveying, mechanics, hydraulics, hy- 
draulic laboratory, cement testing laboratory, graphics, concrete design, 
water supply, sewerage, railroads and highways. Four years’ practical 
experience: topographic surveying, railroad location and construction, 
hydraulic engineering, municipal engineering and highway engineering. 
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